Direct measurement of whole body thyroid hormone pool sizes and interconversion rates in fasted rats: hormone regulation implications.
Food deprivation markedly reduces thyroid hormone levels in mammalian plasma, but existing data are incomplete and equivocal regards extrathyroidal hormone production and other indices of overall hormone economy. We have used a novel experiment design and analysis to directly measure the whole-body rate of conversion of T4 into T3 and several other steady-state whole organism parameters, in 4-day fasted and fed control rats. Trace amounts of 125I-labeled T3 (T3) or T4 (T*4) were infused for 7 days from osmotic minipumps implanted sc. On day 7, rats were anesthetized, bled, and killed and carcasses were frozen in liquid N2, pulverized, homogenized, and extracted. Extracts and plasma samples were chromatographed on both Sephadex and HPLC. Tracer infusion rates, whole rat tissue weights, and steady state tissue, blood, and plasma T*3, T*4, and total radioactivity concentrations provided all kinetic parameters of interest from simple steady state computations. T4 secretion (SR4) and whole body pool sizes were reduced 49-55% in fasted rats. But the most notable results were that the percent of available extrathyroidal T4 converted to T3 in fasted [41.6 +/- 7.9% (SD)] was 87% greater than that in the fed (22.3 +/- 7.69%) rats and this, in turn, generated an absolute rate of production of T3 from T4 not significantly different in fasted vs. fed controls (7.17 +/- 2.40 vs. 7.54 +/- 3.10 ng/h.100 g BW). The surprisingly high 42% conversion ratio in fasting is explained in part by larger T3 blood pools (which are not sites of T3 production from T4) relative to tissue T3 pools in fasted rats, not accounted for in earlier whole-body studies. In contrast with this finding of an increased T4 to T3 conversion ratio in fasted rats, based on whole body measurements, T3 plasma concentrations (Cp3), clearance rates (PCR3), appearance rates (PAR3 = PCR3Cp3), and more conventional indirect estimates of the T4 to T3 conversion ratio (100 PAR3/SR4) were all substantially reduced, consistent with reports in fasting humans limited to measurements of T3 and T3 turnover in plasma and interpreted as indicative of reduced whole body T4 or T3 conversion. Directly measured total T3 extrathyroidal distribution volumes, reduced 55% in the fasted group from 241 +/- 19.5 to 109 +/- 8.14 ml/100 g BW, are also of interest because fed rat values are 27-61% greater than virtually all previous estimates of this index of total body T3.(ABSTRACT TRUNCATED AT 400 WORDS)